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Spruce Pine Plutonic Suite

INTRODUCTION

The Celo 7.5-minute quadrangle lies in Yancey, McDowell, and Mitchell
counties, western North Carolina. Within the quadrangle are the small
communities of Celo, Hamrick, and Busick. The Blue Ridge Parkway
and N.C. Highway 80 are the major transportation corridors on the

DESCRIPTION OF MAP UNITS'

WESTERN TUGALOO TERRANE

<Z( diori quadrangle. The major water features are the South Toe River and Big Spruce Pine Plutonic Suite
> granodiorite Crabtree Creek. Total elevation relief is 4,397 feet with a low of 1,930
(o) . feet on Armstrong Creek at the eastern quadrangle boundary and a high Granodiorite — White to very light-gray, mottled; non-foliated to weakly foliated; coarse-grained; equigranular to
> m pegmatite of 6,327 feet at Celo Knob. The Blue Ridge escarpment, the rugged inequigranular; granoblastic. Bodies are lenticular to tabular. Thickness of bodies ranges from decimeters to kilometers.
"g transition zone between the Blue Ridge and Piedmont physiographic Consists of plagioclase feldspar, quartz, potassium feldspar, and muscovite. Accessory minerals include biotite, garnet,
) ) provinces, transects the southeastern portion of the quadrangle. The apatite, epidote group minerals, thulite, pyrite, chalcopyrite, and pyrrhotite.
Ashe Metamorphic Suite Eastern Continental Divide corresponds to the top of the escarpment in
. this region. Portions of the quadrangle were mapped previously by Pegmatite — White to very light-gray, mottled; non-foliated to weakly foliated; very coarse-grained; equigranular to
Za undivided Brobst (1962) and Howell (1975). Dspp | inequigranular; granoblastic. Bodies are lenticular to tabular. Thickness of bodies ranges from decimeters to tens of
dunite ] meters. Pegmatite occurs as sill-like or cross-cutting bodies within the Ashe Metamorphic Suite. Mineralogically similar
o to Spruce Pine granodiorite (Swanson and Veal, 2010). Consists of plagioclase feldspar, quartz, potassium feldspar,
8 amphibolite 2 and muscovite. Accessory minerals vary greatly upon locality and include biotite, garnet, apatite, epidote group
o o minerals, pyrite, chalcopyrite, pyrrhotite, beryl, samarskite, columbite, autunite, and torbernite. A zircon crystallization
4 metaconglomerate c % age of ca. 367.6 +/- 3.5 Ma (pending further refinement) was obtained for NCGS sample NB70, a pegmatite body within
w 2o the Zapm unit.
2 - eopist |58 Ashe Metamorphic Suite
% pegmatite and metasomatic schist ) Bedrock of the Celo quadrangle is entirely within the Fries/Spruce Pine P
. . S thrust sheet of th tern Blue Ri rti f the Tugaloo t
'% graphitic schist 7 (T:ﬂf)es 1%%7(.) Ha?cﬁzf aerrmrc]i otﬂgrs Idz%%%o on ot the Tugaloo ferrane Undivided — Heterogeneous unit consisting of interlayered layers and lenses of laterally and vertically grading
) ) ’ ’ ’ ' sedimentary and mafic volcanic rocks metamorphosed to kyanite and sillimanite grade. Rock types include schist,
aluminous schist — The Fries/Spruce Pine thrust sheet contains Neoproterozoic Za schistose metagraywacke, metagraywacke, conglomeratic metagraywacke, metaconglomerate, metasandstone,
metasedimentary and mafic rocks of the Ashe Metamorphic Suite (AMS) amphibolite, and minor calc-silicate. Thickness of layering ranges from centimeters to meters. Where possible Za was
These rocks are thick sequences of complexly deformed and ’ mapped and subdivided based on dominant rock type. Detrital zircon analyses were performed on NCGS sample
metamorphosed clastic sediments deposited in marine rift basins BC290, a metasandstone outcrop within the Za unit. A large majority of the zircon population are Mesoproterozoic in
Interspersed with these sediments are lesser amounts of mafic volcanic age. The three youngest detrital grains are ca. 589, 592, and 605 Ma.
rocks and ultramafic rocks thought to have originated as oceanic crust at . . ) . . . . . . .
a spreading center (Misra and Conte, 1991; Raymond and Abbott, 1997) - Dunite — Grayish-yellow-green; fine- to medium-grained, forsterite, with minor enstatite and bronzite, and
These metasedimentary lithologies V\;ere cc;mplexly deformed and, ’ disseminated chromite; when altered, serpentine minerals, anthophyllite, talc, and vermiculite replace olivine as
metamorphosed to amphibolite facies conditions during Taconic disseminated grains, and in interior veins and peripheral areas.
is. Amphibolite faci t hi iat ith Acadi i . . . .
%Ec?:gaegilzn oTopg égg;iz oavc;?;rmtes 2122:%';;;: ?jgﬁ:]asgg ;vr; d Otzagglsan/ - Amphibolite — Dark-green to black; fine- to coarse-grained; weakly to strongly foliated; equigranular; granoblastic to
2001). The distribution of map units and metamorphic foliations definé a nematoblastic; consists of hornblende, plagioclase feldspar, epidote group minerals, quartz, garnet, chlorite, relict
compllicated fold interference pattern interpreted to be the result of pyroxene, titanite, magnetite, and opaque minerals. Interlayered with other Ashe Metamorphic Suite lithologies and
Taconic and NeoAcadian deformation, and igneous intrusion of the locally intruded by pegmatite. Can occur as a minor rock type throughout the other map units, where it may represent a
Spruce Pine Plutonic Suite ’ metamorphosed volcanic rock.
_— ; . ; ; Metaconglomerate — Medium-light-gray to medium-dark-gray; coarse-grained (most commonly granule size, but with
N I D - -
ofutrr?: ré):rsugéug:ﬁlg gutgx;:;nlsau?tg?r?’[?u%f?ﬁs IXKI/};; (b'\(l)ggg ?J?](:)SS g(;r;::;ltes Zac some pebble size); inequigranular; granoblastic; non-foliated to weakly foliated; variable thickness; granules are
2022; Brobst, 1962; Kish, 1983, 1989). These bodies are typi caII)-/ ’ dominantly quartz; commonly interlayered with metagraywacke, schistose metagraywacke, and mica-schist.
t with, but locall -cut met hic foliati th
gﬁgg?;ig?e \A)léer’]gil:hsog? fgligizzsrﬁ:tar::d?r;n:r:{)a; rc())cllfslc;r:eolr:)caﬁy Kyanite gneiss — Highly altered and heterogeneous unit characterized by an abundance of kyanite and/or muscovite
present witHin the bodies. Metasedimentary lithologies near pegmatites porphyroblasts. Typical rock is mottled light-gray to brown; coarse-grained; foliated; inequigranular to equigranular;
are commonly more mica.ceous and coarse-grained than those where porphyroblastic; locally migmatitic; consists of biotite, plagioclase, quartz, muscovite, kyanite and/or sillimanite, garnet,
pegmatites are absent and minor accessory and trace minerals; kyanite porphyroblasts up to 15 cm; felsic interlayers may be due to
' metasomatism or migmatization; interlayered with other Za lithologies.
- Pegmatite and metasomatic schist — Heterogeneous mix of pegmatite, granodiorite, metasomatic schist, and other
Ashe Metamorphic Suite lithologies. Pegmatite bodies range in size from sub-meter to decameter and are typically
concordant with surrounding metasediments. Pegmatite is white to light gray to light pink; coarse-grained; granoblastic;
consists of plagioclase feldspar, quartz, potassium feldspar, muscovite, biotite, and minor amounts of opaque minerals,
and garnet. Metasomatic schist is dark gray; medium- to coarse-grained; well foliated; inequigranular; lepidoblastic;
consists of muscovite, biotite, quartz, plagioclase feldspar, potassium feldspar, garnet, and minor accessory minerals.
- Graphitic schist — Dark-gray to greenish-gray to medium-gray; fine- to medium-grained; well foliated to mylonitic;
equigranular to inequigranular; lepidoblastic to porphyroblastic; consists of muscovite, biotite, garnet, sericite, quartz,
graphite, feldspar, chlorite, pyrite, and accessory minerals; interlayered with lesser amounts of metaarkose,
metawacke, garnet-mica schist, and phyllite.

Zas Aluminous schist — Very-light-gray to greenish-gray to medium-gray; strongly foliated; fine- to medium-grained;
equigranular to inequigranular; lepidoblastic to porphyroblastic; consists of muscovite, biotite, quartz, feldspar, garnet,
kyanite, and sillimanite; thickness of layering varies; commonly interlayered with schistose metagraywacke.

"Mineral abundances are listed in decreasing order of abundance based upon visual estimates of hand samples and thin-sections.
WHOLE ROCK ICP ANALYSIS' OF SELECTED SAMPLES
Sample Rock Type Map Unit SiO2 AI203 Fe203 MgO CaO Na20 K20 TiO2 P205 MnO Cr203 LOl Sum Ba Ni Sc Be Co Cs Ga Hf Nb Rb Sn Sr Ta Th U V W Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Mo Cu Pb Zn Ni As Cd Sb Bi Ag Au Hg TI Se
SI103 felsic gneiss Za 7176 1332 2.71 173 156 543 0.08 0.97 0.11 0.08 0.008 21 9989 35 <20 7 2 6.2 03 126 75 138 17 1 987 11 104 18 62 <05 2939 189 356 69.2 821 306 526 112 4.03 0.57 3.41 0.69 2.07 032 2.11 0.33 04 496 66 35 3.8 <05 <0.1 <0.1 02 01 2 <0.01 <0.1 17
NB7 mafic float Za 5351 983 585 1308 1168 192 056 047 0.12 022 0002 2.4 9969 164 <20 7 4 88 <01 146 5 111 127 1 2138 07 69 2 59 <05 2042 556 267 673 708 286 6.82 134 775 131 8.46 182 552 0.76 456 0.69 07 1 47 19 3.7 <05 <01 <01 <0.1 <0.1 15 <0.01 <0.1 <05
BC290 metasandstone Za 8143 774 4.79 04 <0.01 045 254 033 0.1 0.05 0002 21 9994 495 <20 3 1 38 05 9 6 7 753 <1 462 04 65 13 24 <05 2447 165 291 49 6.14 235 403 093 383 056 3.1 0.6 176 025 168 025 17 6.8 6.2 19 52 <05 <0.1 <0.1 <0.1 <0.1 1 <0.01 0.1 <0.5
c40 amphibolite Zaba 5086 1464 1415 518 6.6 3842 159 192 022 017 0006 11 99.54 0366 0019 &2 049 010 0106 24 0180 035 039
c27 metagraywacke Zabg 7534 1184 337 103 093 436 103 0.80 009 006 0004 0.7 99.69 0246 0005 07 025 ot o112 24 0357 021 072
C45 pinstriped metagraywacke  Zabg  62.92 15.96 8.08 227 205 291 2.76 090 042 021 0006 10 99.67 0554 0023 12 034 014 0153 40 0429 028 042
C36 garnet-mica schist Zabs 5720 20.08 9.14 301 140 079 386 095 030 0.15 0007 26 99.67 0702 0032 17 031 025 0079 27 0296 066 162
BC320 paragneiss Zakg 55.65 20.76 9.61 268 135 155 3.77 097 025 0.13 0.012 3 9982 690 <20 19 4 75 2 292 76 176 1364 3 1264 1 148 3.4 103 0.6 319.9 49.2 734 1447 1753 66 12.17 2.16 10.32 156 9.37 181 548 0.78 49 0.75 15 153 59 115 14 <05 <0.1 <0.1 0.1 <0.1 1 <0.01 0.8 <05
NB70 pegmatite Zapm 735 157 0.7 0.15 195 562 112 0.03 <0.01 0.04 <0.002 11 9993 337 <20 2 9 06 09 159 24 36 312 <1 5243 04 17 11 <8 <05 611 58 54 104 102 37 1 046 107 0.15 094 02 0.79 0.12 09 014 02 27 7 3 06 <05 <0.1 <0.1 0.2 <0.1 26 <0.01 <0.1 <05
"Whole Rock Inductively Coupled Plasma - Atomic Emission/Mass Spectrometer analysis conducted by
Bureau Veritas, 9050 Shaughnessy St, Vancouver, BC Canada V6P 6E5.
Sample numbers correspond to thin section and whole rock sample localities shown on geologic map
State Plane Coordinate System
LOI = loss on ignition in percent
SUM = Sum total in percent
PPM = parts per million. Ni analyzed by Bureau Veritas LF200 and AQ200 procedures.
Stereonets created using Stereonet 10 and R Statistical Software (Allmendinger, et al., 2012; Cardozo
and Allmendinger, 2013; Agostinelli and Lund, 2022)
N
e R N)
Ot . t S, .o.‘\\.:o:?
Contoured poles to joints with unidirectional rose diagram. Bearing and plunge of fold hinges in black and Poles to mylonitic foliation. Contoured poles to foliation. Foliation count 1485.
Azimuthal bin size = 12 degrees. Joint count 300. mineral lineations in red. Fold hinge count 55. Mylonitic foliation count 42.
Mineral lineation count 18.
Agostinelli, C. and Lund, U., 2022, R package 'circular’: Circular Statistics (version 0.4-95), URL https://r-forge.r-project.org/projects/circular/
Allmendinger, R.W., Cardozo, N., and Fisher, D., 2012, Structural geology algorithms: Vectors and tensors in structural geology; Cambridge University Press.
Brobst, D.A., 1962, Geology of the Spruce Pine district, Avery, Mitchell and Yancey counties, North Carolina, U.S. Geological Survey Bulletin 1122-A, map scale 1:24,000.
Cardozo, N., and Allmendinger, R.W., 2013, Spherical Projections with OSXStereonet: Computers & Geosciences, v. 51, p. 193-205, doi:10.1016/j.cage0.2012.07.021.
Hatcher, R.D., Jr., Bream, B.R., and Merschat, A.J., 2007, Tectonic map of the southern and central Appalachians: A tale of three orogens and a complete Wilson cycle, in Hatcher, R.D., Jr., Carlson, M.P., McBride, J.H., and Martinez Catalan, J.R., eds., 4-D Framework of Continental
Crust: Geological Society of America Memoir 200, p. 595-632, doi: 10.1130/2007.1200(29).
Johnson, B.S., Miller, B., and Stewart, K., 2001, The nature and timing of Acadian deformation in the southern Appalachian Blue Ridge constrained by the Spruce Pine Plutonic Suite, western North Carolina: Geological Society of America Abstracts with Program, v. 33, p. A30.
Kish, S.A., 1983, A geochronological study of deformation and metamorphism in the Blue Ridge and Piedmont of the Carolinas: Ph.D. Dissertation, University of North Carolina, Chapel Hill, 220p.
Kish, S.A., 1989, Paleozoic thermal history of the Blue Ridge in southwestern North Carolina - constraints based on mineral cooling ages and the ages of intrusive rocks: Geological Society of America Abstracts with Program, v. 21, p. 45.
Howell, D.E., 1975, Geology of the southern two-thirds of the Celo 7.5 minute quadrangle, North Carolina, M.S. thesis, University of North Carolina — Chapel Hill, 60p.
Misra, K.C. and Conte, J.A., 1991, Amphibolites of the Ashe and Alligator Back Formations, North Carolina: Geological Society of America Bulletin, v. 103, p. 737-750.
Raymond, L.A. and Abbott, R.N., 1997, Petrology and tectonic significance of ultramafic rocks near the Grandfather Mountain Window in the Blue Ridge belt, Toe terrane, western Piedmont, North Carolina, In: Paleozoic Structure, Metamorphism, and Tectonics of the Blue Ridge of
Western North Carolina, Carolina Geological Society Field Trip Guidebook, p. 67-85.
Swanson, S.E. and Veal, W., 2010, Mineralogy and petrogenesis of pegmatites in the Spruce Pine District, North Carolina, USA. Journal of Geosciences. 55. 10.3190/jgeosci.062.
Trupe, C.H., 1997, Deformation and metamorphism in part of the Blue Ridge thrust complex, northwestern North Carolina. [Ph.D. thesis], Chapel Hill, NC: The University of North Carolina.
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Bedrock Geologic Map of the Celo 7.5-minute Quadrangle,
Yancey, McDowell, and Mitchell Counties, North Carolina

By

Bart L. Cattanach, G. Nicholas Bozdog, Sierra J. Isard, and Matthew Tibbits

Geology mapped from August 2021 to October 2022. Location of some pegmatite and granodiorite bodies from Brobst, 1962.
Map preparation, digital cartography and editing by G. Nicholas Bozdog, Sierra J. Isard, Bart L. Cattanach, and Joshua R. Benton
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This is an Open-File Map. It has been reviewed internally for conformity with North Carolina
Geological Survey mapping standards and with the North American Stratigraphic Code.
Further revisions or corrections to this Open File map may occur. Some station data omitted
from map to improve readability. Please contact the North Carolina Geological Survey for
complete observation and thin-section data.
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